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a b s t r a c t
A large amount of research in the past has focused on the relationships between the energy consumption
for home-to-work travel and land-use patterns. However, little is known about children’s mobility. This
paper analyses the energy consumption, travel distances and mode choices for school commuting based
on two decennial surveys in Belgium. The results highlight the following: (1) mobility behaviours have
evolved drastically over the past decades for school commuting, an evolution that cannot be entirely
related to land-use variables, (2) the energy consumption for school commuting is strongly dependent
upon the school level, and (3) the links between land-use patterns and energy consumption for school
commuting are different than those highlighted within the literature between urban forms and home-
to-work commutes. The concentration of secondary schools and tertiary institutions in urban centres
induces higher energy consumption rates, whereas the decentralisation of nursery and primary schools
across the entire territory leads to very low local energy consumption and increased walking and cycling.
These results provide a better understanding of school commuting within the European context and
could guide future policies focused on transport energy consumption at the local scale.
 2012 Elsevier Ltd. All rights reserved.
1. Introduction
Transport is a major contributor to the increasing level of en-
ergy consumption and greenhouse gas emissions worldwide. In
the European Union, the transport sector accounted for 31% of
the total ﬁnal energy consumption in 2005, up from 26% in 1990
(European Commission, 2008). Levels of mobility also continue to
rise substantially, and the transport energy demand in 2030 is pro-
jected to be 28% higher than in 2005 (European Commission,
2008). Given the levels and growth of energy use in the transport
sector, there is an urgent need for measures to control the growth
of and reduce the dependence on motorised vehicles and imported
oil. Thus, much research has focused on the links between trans-
port energy consumption (particularly in home-to-work commut-
ing) and the urban structure of a region. Energy consumption
related to transport is an interesting indicator because it is a com-
posite measure of travel distance, transport mode choice and jour-
ney frequency (Banister, 1998; Muniz and Galindo, 2005).
One of the ﬁrst and most inﬂuential studies on this relationship
was conducted by Newman and Kenworthy (1989, 1999). They
highlighted a strong inverse relationship between urban density
and transport consumption based on data from 32 large, interna-
tional cities. However, their work is valid only for certain condi-
tions and has often been criticised by other researchers (Gordon
and Richardson, 1989; Mindali et al., 2004), mainly for methodo-
logical reasons. Banister (1992) used the same kind of approach
with British cities, but his study was based on statistical data
obtained from a national survey. He demonstrated that transport
energy consumption is slightly higher in London than in smaller
cities, which contradicts Newman and Kenworthy’s observations.
Boarnet and Crane (2001) also are sceptical about the relationship
between urban design and transport behaviours. After analysing
case studies, they suggested that land use and urban form inﬂu-
ence transport behaviours because of the price of travel (public
transport prices are lower in dense areas). Gordon and Richardson
(1997) demonstrated that urban density plays only a limited role
in transport energy consumption if fuel prices are included in the
analysis. Breheny (1995) emphasised that only minor reductions
in transport energy consumption are associated with the
compact-city model. His experiments showed that the energy used
in transport could only be reduced by 10–15%, even under very
strict conditions that are difﬁcult to reproduce.
However, Ewing and Cervero (2010) highlighted the ﬁnding
that per capita vehicle travel tends to decline, and the use of alter-
native modes increases, with a rise in density. For these authors,
compact developments, which reﬂect the cumulative effects of
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increased density, functional mix and transit accessibility, typically
reduce per capita vehicle travel by 25–30%. In the same vein, Stead
(2001) found that 43% of the variation in travel distances was
explained by socio-economic variables, but 27% of the variation –
a considerable amount – was directly related to land-use variables.
As presented above, a growing body of literature supports the
notion that urban form plays a role in travel mode choice and
transport energy consumption for adults. However, relatively little
is known about how urban form inﬂuences children’s travel and
energy consumption for school commuting, and hence the empir-
ical ﬁndings on children’s school travel outcomes are less conclu-
sive (McMillan, 2005; Mitra and Buliung, 2012). Therefore, this
paper studies the links between land-use patterns, children’s trips
to and from school and energy consumption for school commuting.
A focus on school commuting allows for comparisons with com-
muting to work. Moreover, promoting ways to reduce energy con-
sumption for school commuting will have positive returns for both
the environment and individual health.
Section 2 presents a review of the literature on children’s mobil-
ity and urban form. Section 3 describes the context of the study
(the Walloon region of Belgium), the data set and the quantitative
method used to assess transport energy consumption. Section 4
discusses the evolution of travel distances and mode choices for
school commuting. In Section 5, the energy consumption for school
commuting is calculated, discussed and compared with home-to-
work energy consumption. A distinction is made between primary,
secondary and tertiary education. Section 6 presents the reproduc-
ibility and opportunities of the approach developed in the paper,
and the main ﬁndings are summarised in Section 7.
2. School commuting
Since the ﬁrst works by Hillman et al. (1990), research on child
and youth mobility has largely focused on the declining use of ac-
tive commuting (cycling and walking) and children’s independent
mobility (the opportunity for children to move freely in the envi-
ronment without an accompanying adult) in the West, as well as
the increasing prevalence of physical inactivity and obesity among
children and youth (Buliung et al., 2012; Gilbert and O’Brien,
2005). Research studies have examined correlations between per-
sonal, family, social and environmental factors and children’s ac-
tive/independent commuting to and from school, mainly focusing
on health and obesity. The main conclusions of these studies are
that the likelihood of walking or cycling to school decreases as tra-
vel distance increases, but it is also correlated with the safety of
routes and family time constraints (Dellinger and Staunton,
2002; Ewing et al., 2004; Faulkner et al., 2010; McDonald and Aal-
borg, 2009; McMillan, 2006; Mitra et al., 2010; Sjolie and Thuen,
2002; Timperio et al., 2006; Trapp et al., 2011; Yeung et al.,
2008; Ziviani et al., 2004). Previous research has also identiﬁed
parents’ concerns about the absence of adult supervision, the age
of the child and fears related to children being assaulted by strang-
ers as primary barriers to active commuting to school. In this re-
spect, gender affects school travel. Boys seem to be more likely
to walk and especially to cycle to school (McDonald, 2012; McMil-
lan et al., 2006). An emerging research topic not only concerns the
qualitative work on parents’ perceptions but also addresses chil-
dren’s perceptions of school travel and the built environment
(Faulkner et al., 2010; Fusco et al., 2012; Line et al., 2010). Children
are now considered ‘‘active agents’’ who are able to express their
own needs about school travel (Fusco et al., 2012). Finally, recent
studies have highlighted the importance of taking into account
both social and environmental issues (Feng et al., 2010; Gilbert
and O’Brien, 2005; McMillan 2005, 2006; Saelens and Handy,
2008) and they have attempted (in this regard) to indicate how
cities can be changed to improve children’s independent mobility.
These strategies can be grouped into three broad categories:
changing urban form and transport, changing the design of local
neighbourhoods and changing social values (Tranter and Sharpe,
2012).
There is no consensus on the deﬁnitions of child and youth in
research on child mobility. Buliung et al. (2012), following Hollo-
way and Valentine (2000), argued that ‘‘these deﬁnitions may be
differentially constructed across time and place’’ (p. 31). Nayak
(2003) made the same observation in the broader ﬁeld of geogra-
phy and children’s perception of crime. For statistical purposes,
several institutions (World Bank, UNICEF, etc.), as well as the spe-
cial section on child and youth mobility of the Journal of Transport
Geography (Buliung et al., 2012), have adopted the United Nations
(2011) deﬁnition of ‘‘youth’’ as those persons between the ages of
15 and 24 and ‘‘children’’ as those persons 14 years old or younger.
Hillman et al. (1990) distinguished between junior school children
(aged 7–11) and senior school children (aged 11–15). In this paper,
‘‘child’’ and ‘‘youth’’ are deﬁned by school level rather than age.
Although exceptions exist (e.g., Hillman et al. (1990) in England,
Sjolie and Thuen (2002) in Norway and Susilo andWaygood (2012)
in Japan), most research on children’s mobility has been conducted
in North America, which raises questions about the generalisability
of these ﬁndings to other regions, as highlighted by Cervero et al.
(2009) in the case of Bogota (Colombia). Relatively little is known
about children’s mobility in Europe, although European regions
and built environments have several signiﬁcant differences from
the countries discussed above.
3. Study area and methods
3.1. Study area: the Walloon region of Belgium
This paper focuses on the Walloon region of Belgium (Fig. 1 3.5
million inhabitants), which is located in the southern, French-
speaking part of the country. The region covers a total area of
16,843 square kilometres. The Brussels capital region (which has
more than one million inhabitants, the largest agglomeration in
the country) is centrally located in Flanders (Boussauw andWitlox,
2011), but it has a strong relationship with the Walloon region. The
two main urban areas in the Walloon region are Liège (600,000
inhabitants) and Charleroi (400,000 inhabitants). Other regional
cities (fromwest to east: Tournai, Mons, Namur, Huy, and Verviers)
are located along the former industrial basin. The rest of the region
is composed of a series of smaller urban centres and municipalities,
as well as numerous suburban settlements. Suburban Walloon
settlements are spread throughout the region, not only near dense
urban centres or rural cores, because of the availability of impor-
tant land resources (low land pressure) and easy access to railway
and road networks. This conﬁguration, and the relative infrequency
of public buses outside the main cities, makes these settlements
highly car-dependent.
3.2. Education system and admissions policies
In Belgium (Table 1), education is compulsory and free for stu-
dents from 6 to 18 years of age. Nursery school is intended for chil-
dren from 3 to 6 years old, but it is not compulsory. Primary school
consists of the ﬁrst 6 years of formal, structured education, starting
at the age of 5 or 6. After successfully completing a ﬁnal exam, stu-
dents attend a secondary school for six additional years of general,
technical or professional education. This level of schooling pro-
vides ﬁnal access to tertiary education. There are no admissions
policies that require children to attend one school rather than
another for nursery and primary schools in Belgium. For tertiary
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education, the only criterion is the completion of the secondary
school ﬁnal exam. For secondary schools, a decree was adopted
in 2010 for the French-speaking part of the country, the aim of
which was to promote social diversity, fairness and transparency
in assignment to secondary schools. Secondary school assignment
is determined by a formula that takes into account the distance be-
tween the residence and the school as well as socio-economic
factors.
3.3. Methods and data sets
The quantitative method used to evaluate transport energy
consumption in school commuting in Section 5 is based upon work
by Boussauw and Witlox (2009) and Marique and Reiter (2012) on
home-to-work commutes. Boussauw and Witlox (2009) developed
a commute-energy performance index and tested it for Flanders and
the Brussels capital region in Belgium. Their aim was to investigate
the link between spatial structure and energy consumption for
home-to-work travel at the municipal scale. Using the same kind
of methodology, Marique and Reiter (2011, 2012) and Dujardin
et al. (2012) investigated links between home-to-work commuting
and the spatial structure of the Walloon region of Belgium. These
local-scale approaches not only showed that the main cities have
low energy consumption, but also highlighted the existence of sec-
ondary urban cores with low transport energy consumption. These
studies found that the relocation of residences and jobs to suburban
areas leads to more energy for home-to-work commuting in some
urban regions but less in others. Thus, these papers showed that
the distance between home and destination is paramount, whereas
the mode of transport has a lesser impact.
For the present study, a school-commute energy performance
index is deﬁned and expressed in kW h/travel student, which rep-
resents the mean energy consumption for home-to-school travel
for one student living in a former municipality (this is an adminis-
trative boundary; see Fig. 2). This index takes into account the
travel distances, the means of transport used and their relative
consumption rates, expressed by Eq. (1). In this equation, i repre-
sents the former municipality; m is the means of transport used
(diesel car, fuel car, train, bus, and bicycle or on foot); Dmi is the
total distance travelled by means of transport m in district i for
Fig. 1. The study area.
Table 1
Summary of school levels in the Walloon region (Belgium).
School level Age of the pupils Attendance requirements Admissions policy
Nursery school 3–6 years old Optional None
Primary school 6–12 years old Compulsory None
Secondary school 12–18 years old Compulsory up to 18 years old Completion of the primary school ﬁnal exam
Tertiary education More than 18 years old Optional Completion of the secondary school ﬁnal exam
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home-to-work (or home-to-school) travel; fm is the consumption
factor attributed to each means of transport m; and Ti is the num-
ber of workers (or students) in the territorial unit i.
School-commute energy performance index ðiÞ
¼ ðRmDmi  fmÞ=Ti ð1Þ
The consumption factors fmwere calculated for the Walloon re-
gion of Belgium based on regional and local data, and they take
into account mean fuel consumption of the vehicles (litres per kilo-
metre), the passenger rate and the characteristics of the fuel. For
trains, the consumption factor used depends on the production of
electricity, as most trains in Belgium are electric. The consumption
factors are 0.56 kW h/person km for a diesel car, 0.60 kW h/person
km for a fuel car, 0.45 kW h/person km for a bus, 0.15 kW h/person
km for a train and 0 for non-motorised means of transport, as these
do not consume any energy.
The travel distances and travel mode data were gathered from
the national censuses, which are conducted in Belgium every
10 years. The 1991 and 2011 censuses were used. Information
was available about car ownership, travel distances and the pri-
mary mode of transport used, as well as demographic and socio-
economic data, for the Belgian population older than 6 years. The
general response rate for the 2001 survey was 95%, with some vari-
ations depending on the sections of the questionnaire. Only stu-
dents who answered all questions dealing with school
commuting and education were included. If a journey was made
by two (or more) modes of transport, only the primary mode
was used. This was determined by the speed of travel of each
mode, because the fastest travel mode is usually the one used for
the longest distance. Thus, the primary travel mode was deter-
mined according to the following hierarchy: train, car, bus and
bicycle/on foot. For students in tertiary education who rented ﬂats
closer to their school than their parents’ house was, the ﬂat was
considered the main residence. Individual data were aggregated
at the census-block (or district) scale, the former-municipal (inter-
mediate) scale and the municipal scale. Note that there are 9730
census blocks, 1472 former municipalities and 262 municipalities
in the Walloon region. To increase statistical reliability, census
blocks with fewer than 10 respondents were omitted. The ﬁnal
sample was composed of 183,617 (25.0%) of the 734,000 students
(all levels included) attending school in theWalloon region. Results
are reported at the former-municipal level, as data at this level are
more easily handled than those at the census-block scale but still
make it possible to highlight local phenomena that would be
missed at the municipal scale.
4. Travel distances and mode choice
The mean travel distance differs with the level of schooling: the
average distance between home and school is 5.4 km for nursery
and primary schools, 10.7 km for secondary schools and 21.2 km
for tertiary institutions. By comparison, the mean travel distance
for home-to-work travel was 24.0 km in the Walloon region of Bel-
gium in 2001. Although the mean travel distances from home to
work and to tertiary institutions are fairly similar, the travel mode
choices are quite different.
Tables 2 and 3 summarise the travel mode choices for school
commuting and travel distances according to level of education.
Mode choices and travel distances for work commuting are given
to facilitate comparisons. Sixty-six percent of trips from home to
nursery and primary schools are less than 5 km. The school
catchment area for nursery and primary schools is generally
Fig. 2. Energy consumption (kW h/travel student) for school commuting (all levels included), at the former-municipal scale.
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the size of the municipality, which supports active commuting
(walking and cycling) for a large proportion of the students
(23.7%) relative to secondary schools (13.3%) and tertiary institu-
tions (13.6%). Nevertheless, the private car is the preferred mode
of transport from home to nursery and primary schools (67.0%),
whereas the use of public transport is low (9.0% for buses and
0.3% for trains). The growing size of secondary schools and ter-
tiary educational institutions and their smaller number increase
the average travel distances and reduce the likelihood of walk-
ing. As the number of short trips (less than 5 km) decreases, pri-
vate car use also decreases signiﬁcantly compared with public
transport. Private car use is signiﬁcantly lower for school com-
muting than it is for work commuting. Trips by bus represent
41.2% and 36.2% of all trips to secondary schools and tertiary
institutions, respectively. The train seems to be a credible alter-
native only for tertiary institutions (16.2%) because of the longer
commuting distances (44.8% of trips are greater than 20 km). Ac-
tive commuting is only used for a signiﬁcant proportion of trips
when distances are very short. Walking and cycling represented
63.7% of all trips to school of less than 1 km in 2001, (54.5% for
primary schools, 76.2% for secondary schools and 91.5% for ter-
tiary institutions). Active commuting represented only 4.9% of
trips longer than 5 km (2.5% for primary schools, 6.5% for sec-
ondary schools and 7.5% for tertiary institutions). The travel
mode choice and travel distance are clearly correlated, conﬁrm-
ing that the distance to school is one of the key factors in deter-
mining children’s mode of transport to school, as most studies
on school travel have shown.
Table 2
Travel mode choice for school commuting by level of education, and for work commuting.
On foot (%) Bicycle (%) Motorbike (%) Car (%) Bus (%) Train (%)
Nursery and primary schools 21.3 2.4 0.0 67.0 9.0 0.3
Secondary schools 12.0 1.3 1.7 37.0 41.2 6.8
Tertiary institutions 12.8 0.8 0.7 33.3 36.2 16.2
Work commute 5.4 1.2 1.9 80.2 4.1 7.2
Table 3
Travel distances for school commuting by level of education, and for work commuting.
0–5 km (%) 5–20 km (%) 20–50 km (%) >50 km (%)
Nursery and primary schools 66.6 28.6 4.1 0.8
Secondary schools 31.1 54.5 12.6 1.8
Tertiary institutions 19.5 35.7 35.7 9.1
Work commute 25.7 37.1 24.8 12.5
Fig. 3. Energy consumption (kW h/travel worker) for home-to-work commuting (Marique and Reiter, 2011), at the former-municipal scale.
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A comparative analysis of the data from the 1991 and 2001
national censuses also shows important changes in the mode
choice for school commuting over time. In 1991, walking and
cycling represented 28.9% of all trips to school, whereas private
car use accounted for 38.1%. In 2001, active commuting repre-
sented only 17.0% of journeys to school, whereas car use had risen
to 46.8%. Train commuting dropped from 6.4% in 1991 to 6.1% in
2001, whereas bus trips rose from 26.5% to 29.1% during the same
period. This shift in travel modes is not speciﬁc to the Walloon re-
gion of Belgium. Similar changes have been observed in other
countries. In the United States, walking and cycling to school de-
clined from 48% in 1969 to 13% in 2009 (McDonald et al., 2011;
McDonald, 2012). Walking and cycling represented 87% of all trips
to school of less than one mile (1.609 km) in 1969, whereas car use
accounted for only 7% of trips (McMillan, 2006). By 2001, 36% of
trips to school less than one mile (1.609 km) were made by car,
whereas the percentage of active commuting (walking and cycling)
had dropped to 55% (McDonald, 2005). In England, walking to
school by primary-aged children dropped from 61% in 1992/1994
to 52% in 2002/2003, whereas car use increased from 30% to 40%
(Department for Transport, 2005). The same trend was also ob-
served in Australia, where the decline in children’s active transport
to school is particularly marked. The percentage of children walk-
ing to school decreased from 58% in 1971 to 26% in 2003, whereas
car use increased from 12% to 48% (Tranter and Sharpe, 2012; Van
der Ploeg et al., 2008). In the Greater Toronto Area (Canada), walk-
ing to school declined for both 11–13-year-old (53–42.5%) and 14–
15-year-old (38.6–30.7%) students (Buliung et al., 2009). As the ﬁg-
ures used in the present study show, active commuting to school
remains low in the Walloon region of Belgium. This trend can be
partly explained by the strong decentralisation of residential areas
associated with continuous urban sprawl in the Walloon region,
which tends to signiﬁcantly increase distances between home
and school.
5. Energy consumption for school commuting
The school-commute energy performance index, presented in
Section 3.3, was calculated and mapped for the Walloon region
of Belgium at the former-municipal scale. All students from nurs-
ery school to tertiary education are included in Fig. 2. The twomain
cities, Liège and Charleroi (A1 and A2 in Fig. 2), had the lowest
energy consumption rates. Several towns and neighbourhoods
located along the former industrial basin (fromwest to east: Mous-
cron (B1), Tournai (B2), Mons (B3), Charleroi, Namur (B4), Huy
(B5), Liège, Verviers (B6) and Eupen (B7)) also had low energy
consumption rates for school commuting. A high-density built
environment, with mixed land use and good public transport,
seems to favour low transport energy consumption for school
commuting. There are two main differences between these energy
consumption results and those for home-to-work commuting
(Fig. 3). First, home-to-school journeys consume much less energy
per capita and per trip than home-to-work journeys, mainly be-
cause of the shorter distances and the greater use of public trans-
port (bus and train). The mean regional energy consumption is
4.1 kW h/travel student for school commuting, compared with
12.1 kW h/travel worker for work commuting. Second, the rela-
tionships between the spatial structure of the territory and the
energy consumption for school commuting are difﬁcult to charac-
terise, but these relationships are more obvious for home-to-work
travel (Fig. 3). Marique and Reiter (2011) and Dujardin et al. (2012)
Fig. 4. Energy consumption (kW h/travel student) for school commuting (nursery and primary schools), at the former-municipal scale.
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found that the main cities of the region were among the most en-
ergy-efﬁcient areas (in white and light grey in Fig. 3) for home-to-
work energy consumption, along with many other entities in less
densely populated areas outside the inﬂuence of the main cities
but with a good mix of employment options and population. Sub-
urban settlements, mainly those located in the metropolitan areas
of Brussels and Luxembourg, are among the less energy-efﬁcient
areas (in black in Fig. 3). These areas combine poor accessibility
to public transport and long commuting distances to employment
centres.
Energy consumption for commuting to nursery and primary
schools (Fig. 4), secondary schools (Fig. 5) and tertiary institutions
(Fig. 6) was examined separately to reﬁne these observations. The
higher the school level, the higher the energy consumption for
school commuting. The mean energy consumption for school com-
muting to primary, secondary and tertiary institutions was 1.1, 3.7
and 6.8 kW h/travel student, respectively. The energy consumption
per capita for commuting to primary school is low across the entire
territory based on the spatial distribution of the school-commute
energy performance index. The concentration of education infra-
structure in secondary towns and main cities (especially secondary
schools and tertiary institutions) highlights the greater peripheral
distribution of the performance index for school commuting. Such
patterns for the school-commute energy performance index are
common for secondary schools and are quite similar to the ones
seen for home-to-work commuting. Areas with the lowest energy
consumption rate correspond to the main municipalities located
along the former industrial basin, as well as to small urban centres
outside the inﬂuence of the main cities, such as Nivelles, Marche
and Bastogne (C1, C2 and C3 in Fig. 2). The concentric spatial pat-
tern is more pronounced in the case of tertiary education, which is
especially apparent around the urban areas of Liège, Louvain-la-
Neuve and Mons. These education hubs attract a large number of
students from the suburbs and from further aﬁeld because of their
regional importance in tertiary education. The high energy perfor-
mance index in the German-speaking part of the region (East)
shows the absence of tertiary institutions in this area. Nonetheless,
it has a very low energy consumption rate for home-to-work com-
muting and for travel to primary and secondary schools.
Differences in the spatial pattern of the performance index for
school commuting at different education levels can be explained
by the geographical distribution of the types of school in the re-
gion. The ratio between the capacity of a municipality to provide
education (e.g., the number of places in schools) and the number
of students living in the municipality was calculated. Fig. 7 pre-
sents this ‘‘educational capacity-to-demand’’ ratio for former
municipalities with a ratio greater than 1, for the three levels of
schooling considered.
Fig. 8 shows that the number of students living in a given
municipality is always very close to the number of places in nurs-
ery and primary schools in that municipality, which means that the
mobility of nursery and primary school pupils is limited. Nursery
and primary schools are found throughout the region (only 39 of
the 262 municipalities do not have any nursery or primary schools)
and serve local children living in the municipality. Seventy-ﬁve
municipalities have an educational capacity-to-demand ratio
greater than 1. By contrast, many of the municipalities do not have
a secondary school, especially in the southern, less densely popu-
lated part of the region. Only 47 municipalities have an educational
capacity-to-demand ratio greater than 1 for secondary education.
Very few municipalities provide tertiary education. Therefore, ter-
tiary institutions attract students from across the region, which
Fig. 5. Energy consumption (kW h/travel student) for school commuting (secondary schools), at the former-municipal scale.
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means longer commuting distances. Only 15 municipalities have
an educational capacity-to-demand ratio greater than 1 for tertiary
education.
As far as explanatory variables are concerned, the maps of the
travel distances between home and school are remarkably similar
to the energy consumption maps. These parameters are strongly
correlated (r2 = 0.83), which highlights the fact that the travel dis-
tance is of primary importance in the energy performance of school
commuting. Studies of home-to-work travel (Boussauw and Wit-
lox, 2009; Marique and Reiter, 2012) have found that the mode
of transport for home-to-work travel has little impact because of
the relationship between the consumption factor and the mean
travel distance per mode of transport. For example, the consump-
tion factor used for train travel is approximately four times lower
than the consumption factor for private cars, but trips by train
are much longer than trips by car, which reduces the impact of
the train’s lower consumption factor. This relationship is not valid
for school commuting, because shorter distances can also be cov-
ered by bus and train.
Finally, multivariate regression analyseswere performed to clar-
ify some of the mechanisms underlying the relationship between
the urban structure of the region and commuting. Four local char-
acteristics were used in the model to explain the school-commute
energy performance index: population density, the modal share of
active commuting (the share of students in the municipality com-
muting by foot or bicycle), school accessibility (the number of
places in schools within 5 km of the place of residence) and house-
hold income. Variables were subjected to a logarithmic transforma-
tion, as they were normally distributed. A signiﬁcant effect of the
selected variables on the energy performance index for school com-
muting was found for secondary schools and for tertiary institu-
tions (Table 4). The share of active commuting explained the
Fig. 6. Energy consumption (kW h/travel student) for school commuting (tertiary institutions), at the former-municipal scale.
Fig. 7. Former municipalities with an educational capacity-to-demand ratio greater than 1, for primary schools (left), secondary schools (middle) and tertiary institutions
(right).
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greatest variability in energy consumed for commuting to second-
ary schools because secondary schools are spread throughout the
region. In contrast, population density explained most of the vari-
ability in energy consumption for tertiary education, which largely
takes place at institutions in city centres. The model failed to
explain energy performance for commuting to nursery and primary
schools, probably because the 5-kilometre range of the school
accessibility index was not appropriate for this level of schooling.
However, the data set did not allow for examination of smaller
ranges. Mobility behaviour for nursery and primary schools relies
more often on the individual choices of households than on the
structure of the region. These results conﬁrm the qualitative ﬁnd-
ings highlighted above through the assessment of map patterns.
6. Reproducibility and opportunities for further study
This paper examined the relationship between energy con-
sumption for school commuting and spatial structure in the
Walloon region of Belgium. This work is reproducible in other
regions and countries with the same characteristics (Europe) and
should lead to the same observations. Moreover, in a territory
larger than the Walloon region of Belgium (France, for example),
the differences observed here should be even greater because of
the same dynamics of concentration/decentralisation of primary/
secondary and tertiary institutions that coexist at larger scales.
Trip chaining is becoming increasingly more complex, but it was
not examined in this paper. To some extent, chained trips could ex-
plain the lowermodal share for active commuting and public trans-
port for school commuting, especially when parents drive children
to school on their way to work. Although it was not possible to
study this phenomenon here because of limitations in the data
set, the multivariate analysis suggested that nursery and primary
schools would be good candidates for trip-chaining studies. More-
over, although school commuting is the primary reason children
travel on weekdays, children’s non-school mobility should also be
studied for a more thorough understanding of their transport
energy consumption. This idea will be explored in future research.
As stated in Section 2, the inﬂuence of urban form on transport
energy consumption for school commuting is not the sole factor
affecting travel distance. This paper focused on the links between
energy consumption for school commuting and land-use patterns.
Although the analyses presented here did not address external fac-
tors such as safety or poor walking environments, these factors
may well inﬂuence adults’ and children’s mobility behaviours. In
addition to the results presented in this paper, the impacts of these
other factors should be investigated in further research involving
the qualitative study of children’s mobility.
7. Conclusions
This paper examined the relationship between transport energy
consumption for school commuting and land-use patterns using
Fig. 8. The educational capacity-to-demand ratio (number of places/number of students living in the municipality) of the 262 municipalities of the Walloon region for
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two large-scale household travel surveys conducted in Belgium
(Europe) in 1991 and 2001. Our ﬁndings conﬁrm that urban form
is an inﬂuential factor in school commuting and travel behaviour,
and that mobility behaviours are dependent upon the location of
residences and education infrastructure in the territory. This study
found that student travel behaviours (transport mode choice and
travel distance) are speciﬁc to the level of education. The concen-
tration of tertiary educational institutions in urban centres leads
to higher energy consumption, greater travel distances and less ac-
tive commuting. Conversely, the decentralisation of nursery and
primary schools throughout the region allows for very low local
energy consumption and encourages more walking and cycling,
although private car use remains important. The level of education
seems to be a relevant index and should be considered together
with the age of the children/youths being studied. To understand
the mechanisms and logic underlying school commuting and to
promote active/independent mobility strategies for children, it
seems necessary to distinguish between (1) the type of urban
form/neighbourhood and (2) the type of school/level of education,
because these variables lead to different mobility patterns.
These results provide a greater understanding of children’s tra-
vel behaviour and could therefore inform the development of
effective policies and strategies focused on safe, sustainable and
active travel to school. At the regional scale, policies concerning
school locations should be studied at the living catchment scale
and in relation to policies for public transport to favour shorter dis-
tances to and from primary schools and a greater use of public
transport for secondary and tertiary institutions. In the same vein,
current policies that require pupils to choose schools in their living
basin should help to reduce energy consumption associated with
school commuting. At the local scale, policies favouring active
commuting to school should be implemented, as travel distances
are small for primary and (to a lesser extent) secondary school stu-
dents. These policies should deal with such aspects as the quality
of public spaces, safety and the collective picking-up of pupils. Fi-
nally, the location of new residential districts in the region should
also be examined in the light of the mobility patterns highlighted
in this paper.
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